SUMMARY A high prevalence of iron deficiency was found in apparently healthy Asian immigrant children in Harrow. After excluding children with overtly abnormal red cell indices, Asian and European children had identical haemoglobin values, but Asian children had much lower mean cell volume and mean corpuscular haemoglobin values and higher red blood cell values.
The criteria that define children as normal for inclusion in haematological reference ranges are critical. Viteri et al excluded all children with hookworm in a central American population, and also those with low serum concentrations of iron, folate, and vitamin B12 although the authors did not state how their criteria for normal serum concentrations were derived.1 Other workers included data from all children attending infant welfare clinics,2 or kindergartens,3 or used longitudinal data on healthy full term infants.4 We analysed data from supposedly normal children attending child welfare clinics and schools. The data were subdivided and analysed according to age and race.
Subjects and methods
The subjects were normal healthy children attending infant welfare clinics and schools in the Harrow area between May 1980 and June 1981. They were aged between 6 months and 6 years of age: children with known haematological disorders (one child with thalassaemia trait) and those taking haematinics (two children taking oral iron preparations) were excluded from the study. Blood was already being taken, with informed parental consent, for a study on pertussis antibodies (to be published elsewhere). When sufficient blood had been obtained by venepuncture 0 3-0 5 ml was placed in a paediatric sequestrene tube and agitated gently. Specimens were analysed on a model S Coulter counter within six hours of venesection.
Initially, if particular results were evidently abnormal (haemoglobin < 10 0 g/dl or mean cell volume < 70 fl, or both) the child was traced and blood taken Accepted for publication 29 August 1985 for serum iron concentration, total iron binding capacity (TIBC), and haemoglobin electrophoresis. At a later stage of the study an attempt was made to trace all statistically defined abnormal children (outliers) to perform the same studies, but this was not always possible.
Beta thalassaemia trait was diagnosed when HbA2 concentrations were greater than 3 5% or when those of HbF were greater than 2 0%, or both, in the presence of microcytosis and a near normal haemoglobin value. Iron deficiency was diagnosed on the basis of a serum iron concentration below 12 imol/ 1 (67pg/100 ml) and iron binding capacity above 75 cpmol/l (4/8-1 pg/100 ml) (our laboratory normal range).
A few children with one or more haematological values well outside the other values-that is, statistical outliers-were excluded from analysis in the 95% reference ranges. The method used for development of the reference ranges was as described previously for serum immunoglobulin values in childhood.56 Briefly, the data were transformed so that the ensuing data values were reasonably normally distributed at all ages. The transformation for which the subsequent values were closest to a normal distribution was found using Shapiro and Wilk's W test.7 A polynomial regression model was fitted to the transformed data and another polynomial regression model was fitted to the standard deviations of the residuals from the previous regression. For this purpose the age range was subdivided into eight. The references range was calculated as follows:
f, (age) (SD (1 96)) f2 (age) f2 and f2 are the fitted functions of age derived by the two polynomial regression models. The goodness of fit of the models was carefully assessed. After the outliers' results had been excluded haematological data were analysed as previously described' and examined for variability with age, sex, and race. No difference between sexes was found for any variable.
Haemoglobin
There was a weak but significant age effect (p = 0 025) corresponding to an increase in haemoglobin concentration of 0-06 g/dl per year. Fig. I shows the results. The mean haemoglobin concentration can be calculated as (12 11 + 0 00562A) g/dl where A = age in months, and the standard deviation (SD) is 0 76 g/dl. There was no significant difference between the mean haemoglobin for European children and Asian children: mean haemoglobin values were 12 30 (0 80) g/dl and 12 39 (0-82) g/dl, respectively (t = 1 57, p = 0 1).
Red blood cell count
There was a significant difference between the mean red blood count for European children (4-69 (0 32) x 10'2/l) and Asian children (5 00 (0 36) x 10'2/l); t = 5 87, p < 00001. The 95% reference ranges were Age (mc 15.0
